The correlation between destructive shallow local earthquakes (Io ~IX) and the largest eruptions (volume ~10 7 m
On almost all volcanic areas, seismic and eruptive activities are usually accepted to be strictly related. yve test this issue for Mount Etna volcano, which offers exceptionally long catalogues both for eruptions and earthquakes.
The correlation between eruptions and local seismicity was first investigated using historical data, by Sharp, Lombardo & Davis (1981) . The main conclusion was that earthquakes tend to occur before the eruptions. More recently, Nercessian et al. (1991) criticized the procedure of aftershock remtwal of Sharp et al. (1981) . By applying a different removal scheme on the same data set they found that the largest earthquakes are related to the end of eruptions rather than their onset.
In this paper we analyse the correlation between local destructive earthquakes (/a ;;.JX) and the largest eruptions (volume ;;.10 7 m 3 ), both flank and summit, of Mount Etna volcano by using complete catalogues and an accurate and reliable statistical method.
The seismic data set is obtained from the most complete available source, the Italian seismic catalogue of the Istituto Nazionale di Geofisica, by extracting earthquakes which occurred within 30 km of the Central Crater (see Table 1 ). This set is complete for /a ;;. IX events after 1600.
The eruption data set is critically compiled from Mulargia, Tinti & Boschi (1985) , Mulargia, Gasperini & Tinti (1987) , Gasperini, Gresta & Mulargia (1990) , and from unpublished data for more recent eruptions. In order to obtain a homogeneous catalogue, only eruptions with outputs greater than 10 7 m 3 were retained. The resulting data set is shown in Table 2 .
Correlation is tested through the Spearman nonparametric test, which is both robust and efficient (Conover 230 1980) . It is measured by the coefficient p, defined as
This is the usual (Pearson) correlation coefficient calculated for the ranks R(X;) and R(Y;).
When the values of the two variables are concordant (high-high or low-low), correlation is positive, while when discordant values are coupled (high-low or low-high), the correlation is negative. Critical values for Spearman's p are tabulated in a number of texts (e.g. Conover 1980 ) . The correlation is calculated for a window of 30 days both before the onset and after the end of each eruption. According to standard decision theory, significant correlations are those with significance level lower than 0.01 i.e. the ones for which the risk of being wrong in rejecting the hypothesis of no correlation is lower than 1 per cent. The results, shown in Table 3 , confirm the findings of Nercessian et al. (1991) , where the events with /a ;;.JX appear significantly correlated with the end of eruptions. Such a correlation is originated by three events out of seven (see Table 3 ), which occurred on well-identified sliding structures on the eastern side of the volcano , related to the NNW-SSE (1865 and 1911 earthquakes) , and ENE-WSW (1879 shock) tectonic regional trends. Their mesoseismic areas were very small (about 1 km 2 ), implying a very shallow focus as most earthquakes occurring on the eastern side of Mount Etna (LoGiudice & Rasa 1992) .
Perhaps, the eruption mechanisms have recently under- Volcanic activity at Mount Etna 231 Table 3 . Results of statistical analysis for onsets (a) and ends (b) of the eruptions (see text for explanation). gone a major change. In fact, all the events that we find significantly correlated with the end of the eruptions, occurred during a well-defined regime (started in 1750) of magma output, and before a change point (1950) in the mean effusion rates of the volcano (Mulargia et al. 1987) . Nercessian et al. (1991) suggested that large destructive earthquakes which occur at the ending phases of eruptions should correspond to the final accomodation of internal stresses and pressures producing relative motion among different parts of the heterogeneous volcanic body. In this way, large-magnitude Etnean earthquakes would be directly related to eruptions rather than to regional tectonics. Our results agree only partially with Nercessian et al. 's (1991) conclusiom if the mechanism of stress and pressure redistribution at the end of an eruption triggers earthquakes, why are not greatest eruptions (those with a higher output or with a higher effusion rate) followed by an increase in seismicity?
The most reasonable explanation seems that the interaction between volcanic and seismic activity can hardly be explained in such a simple way. It is noticeable that all destructive earthquakes and the greater part of those \\ith lower magnitude, occurred on the eastern side of the volcano. This would also be in agreement with the hypothesis of higher extensional stresses acting on the eastern flank of the volcano due to both a higher density of tectonic structures and the downshifting toward the Ionian Abyssal Plain (Gresta, Longo & Viavattene 1990) .
